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Abstract. We measured the velocity curve 
and the velocity dispersion profile of the ion- 
ized gas along the major axis of the edge-on 
galaxy UGC 10205. The observed kinematics 
extends up to about 40" from the nucleus. In 
the inner ±13" of this early-type spiral three 
kinematically distinct gaseous components are 
present. We disentangle a fast-rotating and 
a slow- rotating component. They give to the 
UGC 10205 velocity curve a "figure-of-eight" 
appearance. A third velocity component is 
also detected on the southeast side of the 
galaxy. Possibly it is produced by gas in non- 
circular motions. 

Key virords: galaxies: individual: UGC 10205 
— galaxies: kinematics and dynamics — 
galaxies: spiral — galaxies: structure 



1. Introduction 

Within the last year ionized gas kinematics 
has revealed in a number of edge-on disk 
galaxies double-peaked emission lines. The 
analysis of the line profiles allows to derive in- 
dividual rotation curves characteristic of two 
kinematically distinct gas components. 

The edge-on SO galaxy NGC 7332 has been 
found to have an "x-shaped" velocity curve, 
indicating two gas components counterrotat- 
ing one with respect to the other (Plana & 
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Boulesteix 1996). 

In the inner regions of the Sc NGC 5907 Miller 
& Rubin (1995) observed double- valued ion- 
ized gas emissions. They attributed the higher 
velocity system to disk gas near the nucleus, 
and the lower velocity system to an outer 
gas ring. Although these two gas components 
are supposed to be spatially distinct, they are 
viewed superimposed along the line-of-sight on 
account of NGC 5907 high inclination. 
The spirals NGC 5746 (Kuijken & Merrifield 
1995; Bureau & Freeman 1996), NGC 5965 
(Kuijken & Merrifield 1995), IC 5096 (Bureau 
& Freeman 1996) and NGC 2683 (Merrifield 
1996) have boxy/peanut bulges and double- 
peaked gas line profiles. Kuijken & Merrifield 
(1995) explained these features as the signa- 
ture of a disk non-axisymmetric potential due 
to the presence of a bar. 

In this paper we show yet an other case 
of edge-on disk galaxy with a multiple- valued 
gas velocity curve, namely UGC 10205. For 
projected distances lower than 13" from the 
nucleus UGC 10205 it is characterized by 
the presence of three kinematically distinct 
gaseous components, two of which give to its 
velocity curve a "figure-of-eight " appearance. 
UGC 10205 is classified as Sa spiral by Nilson 
(1973) and by de Vaucouleurs et al. (1991). 
Its total i3-band magnitude is Bt ~ 14.4 mag 
(RC3) and the inclination of the galaxy de- 
duced from the disk parameters is i = 84° 
(Rubin et al. 1985). The distance is 132 Mpc 
{Ha = 50 kms-i Mpc"^). 

2. Observations and data reduction 

The spectroscopic observations of UGC 10205 
were carried out on March 19-21, 1996 at the 
Isaac Newton Telescope (INT) in La Palma us- 
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Fig. 1. UGC 10205 major axis 100 minutes spectrum in the Ha region after removal of sky and stellar 
continuum. Note the multiple-peaked emissions of the Ha and the [N ii] (A 6583.4 A) lines in the 
central regions of the spectrum (|r| < 13") 



ing the Intermediate Dispersion Spectrograph 
(IDS). 

The H1800V 
grating with 1800 grooves mni~^ was used in 
the first order in combination with a 1.9" x 
4.0' slit, the 500 mm camera and the AgRed 
coUimator. It yielded a wavelength coverage 
of ~ 240 A between 6650 A and 6890 A with 
a reciprocal dispersion of 9.92 A mm~^. We 
checked that the measured FWHMs do not 
depend on wavelength and we found a mean 
value of FWHM = 0.86 A (i.e. a = 0.37 A) 
that, in the range of the observed gas emission 
lines, corresponds to ~ 17 km s~^. No on-chip 
binning was done on the adopted 1024x1024 
TK1024A CCD. Each 24 fim x 24 /xm image 
pixel corresponds to 0.24 A x 0.33". 

We took two separate major axis spectra 
(P.A. = 132°) for a total exposure time of 
100 minutes (Fig. 1). The slit was centered vi- 
sually on the galaxy nucleus. A comparison 
copper-argon lamp exposure was obtained be- 
tween the two object integrations. All the im- 
ages were reduced using standard MIDAS rou- 
tines. Considering a sample of 8 bright OH 
night-sky emission lines, we found a mean 
deviation from the theorical predicted wave- 
length (Osterbrock & Martel, 1992) corre- 
sponding to ~ 1 km s~^. 

The gas velocities and velocity dispersions 
for |r| > 13", where the ionized gas emission 



lines have a Gaussian profile shape, were de- 
rived by means of the MIDAS package ALICE. 
We measured the Ha and the [N ii] (A 6583.4 
A) lines, where they were clearly detected. The 
position, the FWHM and the uncalibrated flux 
of each emission line were individually deter- 
mined by interactively fitting one Gaussian 
plus a polynomial to each emission and to 
its surrounding continuum. The wavelength of 
the Gaussian center was converted to the ve- 
locity V = cz, and then an heliocentric correc- 
tion of Av = -1-15.5 km s~^ was applied. The 
Gaussian FWHM was corrected for the in- 
strumental FWHM and then converted to the 
velocity dispersion a. The ionized gas emis- 
sion lines are double-peaked for —13" < r < 
3" and even triple-peaked for 3" < r < 13". 
They have been fitted using the above package 
with two or three Gaussians respectively and 
a polynomial continuum. At each radius this 
multiple-Gaussian fit has been done separately 
for each emission line. 

The gas velocity curves and the velocity 
dispersion profiles independently derived from 
the Ha (Fig. 2) and the [N ii] (Fig. 3) lines are 
in good agreement at all radii. The kinemati- 
cal data from Ha and [N ii] lines are given in 
Table 1 and in Table 2 respectively. Each table 
provides the radial distance from the galaxy 
center r in arcsec (col. 1), the observed helio- 
centric velocity v (col. 2) and the velocity dis- 
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persion a (col. 3) in km s~^, the number n of 
spectrum rows binned along the spatial direc- 
tion to improve the signal-to-noise ratio of the 
emission lines (col. 4) and the identification i 
of the kinematically distinct gas components 
(col. 5). 

3. Results 

The observed gas kinematics extends out to 

42" (~ 27 kpc) in the receding NW side and 
about up to 30" (~ 19 kpc) in the SE ap- 
proaching side respectively. 

For \r\ < 13" 8 kpc) we arc able to disen- 
tangle (Fig. 1 and Fig. 2) three kinematically 
distinct gaseous components, named as fast- 
rotating (i), slow-rotating (ii) and third (iii). 
The fast-rotating gas component (i) shows 
a velocity curve with a very steep gradient, 
reaching an observed maximum rotation of 
240 km s"^ at |r| ~ 3" (~ 2 kpc) from the 
center and remaining almost constant for |r| > 
3". Its velocity dispersion has a central peak of 
about 90 km s~^ and it shows a sharp decrease 
to values lower than 25 km s~^ outwards. The 
radial velocity of the slow-rotating gas com- 
ponent (ii) increases linearly with the distance 
from the galaxy center reaching 240 km s~^ at 
\r\ ^ 14" 9 kpc). The velocity dispersion 
remains between 40 km and 50 km s~^. 
This range is larger in the [N ii] line, which 
however is characterized by a lower signal-to- 
noise ratio. In the radial range between r ~ 3" 
and r ^ 13" along the SE side of the major 
axis the Ha and [N ii] emissions have triple- 
peaked lines. Indeed in this region the compo- 
nent (iii) is observed. It has a radial velocity 
increasing linearly from v 6551 km s"-'^ to 
V ~ 6611 km s~^ and equal to the systemic 
velocity at r ~ 8" (^ 5 kpc). It has a quite 
low velocity dispersion of cr 15 km s^^. 
For |r| > 13" a single- valued velocity curve 
is measured, showing the tendency to flat- 
ten out. The velocity dispersions in this radial 
range are lower than 30 km s~^. 

Adopting the center of symmetry of veloci- 
ties for \r\ < 13" as the systemic heliocentric 
velocity, we derived Vq = 6583 ± 5 km in 
agreement with Vq = 6581 ± 15 km found 
by Rubin et al. (1985). 

Studying the ionized gas velocity curves of 
a sample of Sa spirals, also Rubin et al. (1985) 
noticed along the SE side of the UGC 10205 
major axis "a curious three-velocity system" 
within 10 kpc of the center. It can not be rec- 
onciled with our component (i), (ii), and (iii). 



The reciprocal dispersion (25 A mm~^) and 

the spatial scale (25" mm"-'^) of their image- 
tube spectrum were respectively 3 and 2 times 
lower than those of our CCD spectrum. So 
they did not disentangle the component (i) 
from the (ii), detecting them as a unique one. 
They observed a second velocity system, corre- 
sponding to velocity curve of component (iii). 
Finally, for two distinct radii at r ~ —5" 
they measured intermediate velocities between 
those of the first and the second system and 
considered them as related to a third velocity 
component. 

4. Discussion 

In the inner ±13" UGC 10205 we are facing 
two main kinematically distinct gaseous com- 
ponents, namely (i) and (ii). They have quite 
similar velocity dispersion profiles but very 
difFerent velocity curves, which produce the 
"figure-of-eight" appearance of UGC 10205 
velocity curve. 

What is the real spatial distribution of these 
two components? Are they really cospatial or 
are they spatially distinct and seen superim- 
posed on account of a projection eflfect? 

The simultaneous presence of the two gas 
components at the same distance of the galaxy 
center raises the problem of the viscous in- 
teraction of distinct gaseous structures with 
different kinematical characteristics. One pos- 
sibility is the gas to be distributed in coUi- 
sionless cloudlets, as suggested by Cinzano & 
van der Marel (1994) to explain the ionized 
gas kinematics in the E4 NGC 2974. If this is 
the case, we would expect the slow-rotating 
component being supported by a velocity dis- 
persion higher than that we observed. 

We are left with the interpretation al- 
ready given by Miller & Rubin (1995) for 
NGC 5907 and by Kuijken & Merrifield (1995) 
for NGC 5746 and NGC 5965 that the two gas 
components are spatially distinct and viewed 
superimposed along the line-of-sight due to 
the high inclination of the galaxy. The linear 
rise of the velocity curve of component (ii) up 
to the points of conjunction with those of com- 
ponent (i) is due to the so-called "rim of the 
wheel" effect when viewing at an enhanced 
ring structure. Moreover, the radial trend of 
line intensity derived for the two components 
seem to confirm this interpretation. Indeed, 
the intensity of component (i) is peaked in the 
center, while the intensity of component (ii) is 
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Fig. 2. UGC 10205 major-axis Ha kinematics: observed heliocentric velocity curve (top) and velocity 
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Fig. 3. Same as Fig. 2 for the [N ii] (A 6583.4 A) emission line 
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almost constant as we are expecting if compo- 
nent (ii) is actually an outer ring. 

The above gas configuration is the one ex- 
pected in a barred galaxy. Indeed the bar ex- 
erts a torque on the disk gas, which is slowly 
drifted from the regions around the corota- 
tion radius towards the Lindblad resonances 
to form rings. Kuijkcn & Mcrrificld (1995) 
and Merrifield (1996) showed the line-of-sight 
velocity distribution (LOSVD) in function 
of the projected radius for the closed non- 
intersecting orbits allowed by a barred disk 
potential in edge-on galaxies. (Due to its col- 
lisional nature, the gas moves only onto the 
closed non-intersecting orbits.) They found 
the LOSVDs with the characteristic "figure- 
of-eight" variation with radius. For this rea- 
son they considered the gaps in such LOSVDs 
as the signature of the presence in the disk of 
the gas-dcpleted regions due to the bar. The 
gas components (ii) in the velocity curve of 
UGC 10205 is produced by the ring formed at 
the outer Lindblad resonance. 

The third gas component observed in the 
inner regions of UGC 10205 is very peculiar. 
It is present only on the SE side and it has 
a velocity ranging from ~ —30 km s~^ to 
~ -|-30 km s~^ if reported to the systemic ve- 
locity of the galaxy. So it is not moving around 
the galaxy center in circular orbits. It could 
be associated to the faint features embedding 
UGC 10205 and visible in the i?-band images 
shown by Rubin (1987). Its kinematics can be 
explained if such gas moves onto an ellipti- 
cal orbit, which at the projected distance of 
r ~ 8" has its tangent perpendicular to the 
line-of-sight. The gas of component (iii) pop- 
ulates only a portion of this orbit. From the 
available data we can not infer the proper dis- 
tance of component (iii) from the galaxy cen- 
ter. 

Outside 13" we observe single-peaked emis- 
sion lines produced by disk gas in near-circular 
motion. For radial distances greater than that 
of the outer Lindblad resonance we expect the 
gas to be only little disturbed by the inner 
triaxial potential. Because of the edge-on ori- 
entation of the disk with respect to the line- 
of-sight, if the gas is distributed uniformly de- 
creasing throughout the disk we would expect 
to observe emission lines peaked at the local 
circular velocity with an asymmetry towards 
the lower velocities. This emission feature is 
present in UGC 10205 in the form of very low 
luminous intensity. It is superimposed to a ma- 
jor emission that does not show any systematic 



deviation from the Gaussian shape. Irregular- 
ities in the velocity curve can be easily pro- 
duced by the fact of the integration along the 
line-of-sight being the galaxy seen on edge. 

The interpretation of Kuijken & Merrifield 
(1995) has been recently adopted by Merri- 
field (1996) for NGC 2683 observed by Ru- 
bin, and by Bureau & Freeman (1996) for 
IC 5096. It could also be applied not only to 
UGC 10205 but also to the case NGC 5907, 
extending the explanation given by Miller & 
Rubin (1995). Since their two spirals have 
peanut-shaped bulges, Merrifield and Kuijken 
(1995) suggested a connection between the 
peanut bulges, which are detectable only in 
edge-on galaxies, and the bars, which are eas- 
ily detectable in more face-on systems. Any- 
way, while NGC 2683, NGC 5746, NGC 5965 
and IC 5096 have boxy/peanut-shape bulges, 
for NGC 5907 and UGC 10205 this crucial 
photometric information is still not available. 

The presence of the "figure-of-eight" in gas 
velocity curves of edge-on spirals seems to be 
unrelated to the morphological type in the spi- 
ral sequence since in RC3 UGC 10205 is classi- 
fied Sa, NGC 2683, NGC 5746 and NGC 5965 
are Sb, IC 5096 is Sbc, and NGC 5907 is Sc. 

The geometrical distribution of the gas giv- 
ing rise to the "figure-of-eight" velocity curves 
could be used in the interpretation of phe- 
nomena like the one described by Plana & 
Boulesteix (1996) in the SO NGC 7332. It 
is an edge-on galaxy with a boxy-shaped 
bulge (Fisher & lUinghworth 1994). Plana & 
Boulesteix (1996) separated clearly two ex- 
tended coplanar counterrotating components 
of ionized gas, which were previously detected 
by Fisher & lUinghworth (1994). One of these 
components has a linearly increasing velocity 
curve ("rim of the wheel" effect). If we imag- 
ine to invert the sense of rotation of this latter 
component, a typical "figure-of-eight" veloc- 
ity curve is obtained. Therefore a gas distribu- 
tion like that of the above-mentioned edge-on 
barred spirals but with an outer ring counter- 
rotating with respect to the inner gas could 
reproduce the kinematics of NGC 7332, for 
which a satisfactory interpretation has been 
not given. Of course, theoretical modelling 
should justify this situation. 
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Table 1. UGC 10205 major axis Ha kinematics 
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Identification of the gas components: 1, 2, 
3 indicate kinematic data referring to 
component (i), (ii), and (iii) respectively; 4 
is used for the gas in the outer regions of 
the disk. 
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Table 2. UGC 10205 major axis [N II] kinematics 
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" as in Table 1. 



This article was processed by the author using 
Springer- Verlag A&A style file L-AA ver- 

sion 3. 



